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Pharmaceutical formulationAbstract In the present paper an amperometric sensor based on graphite-SiO2/Al2O3/Nb2O5-
methylene blue (GRP-SiAlNb-MB) composite has been successfully prepared for dopamine (DA)
determination in real samples. The electrochemical behavior of DA at the GRP-SiAlNb-MB has
been evaluated by employing cyclic voltammetry. The best ratio (m/m) of GRP-SiAlNb-MB
composite was found to be 1:0.54. Under optimized conditions (pH 7.5 in 0.15 mol L1 phosphate
buffer) the amperometry method responds linearly to DA from 5.0 up to 500.0 lmol L1
(r= 0.995) with limits of detection and quantiﬁcation of 1.49 and 4.97 lmol L1, respectively.
The developed method was successfully applied for DA determination in real samples of pharma-
ceutical formulations and can be used for routine quality control analysis of pharmaceuticalosite for
2 J.F. Giarola et al.
Please cite this article in press as: Giarola, J.F
electrochemical determination of dopamine.formulations containing DA. The use of inorganic matrix SiAlNb was found to be very useful to
adsorb MB in the composite material with further improvement of the anodic peak current of DA.
ª 2015 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is
an open access article under theCCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
The development of highly selective and stable new sensors
aiming at the determination of phenolic compounds in
medicinal, pharmaceutical and biotechnological samples is of
paramount importance for quality control. Chemical modi-
ﬁcations of solid electrodes have been extensively studied for
this purpose since it helps to obtain various sensor conﬁg-
urations (Trojanowicz, 2011; Lavecchia et al., 2010; Alonso-
Lomillo et al., 2010). Nonetheless, the choice of electrodic
material as a substrate for the immobilization of electroactive
species plays an important role in the preparation of chemi-
cally modiﬁed electrodes (CME). In this sense, graphite paste
electrode has received growing attention during years owing
to its properties including good adsorption properties toward
the chemical modiﬁers, renewable surface and presence of por-
ous surface (Kalcher et al., 2006). Methylene blue (MB) has
been widely employed for electrode modiﬁcation as chemical
modiﬁer playing an important electrocatalytic role (Arvand
et al., 2003). However, a brief overview of literature demon-
strates that the majority of electrochemical methods that
makes use of MB are focused on biosensor preparation using
horseradish peroxidase (HRP) as enzyme for hydrogen perox-
ide determination. In this case, the enzyme and MB are usually
deposited onto glassy carbon or gold electrode surface (Liu
et al., 2000; Lei et al., 1996; Xu et al., 2003, 2004; Qian
et al., 1998; Gu and Hasebe, 2004), which makes very weak
this physical immobilization, thus resulting in a loss of MB
during sensor use. This shortcoming can be overcome by using
inorganic matrix in the sensor preparation, such as nano-SiO2
(Xian et al., 2006), nano-TiO2 (Xiao et al., 2008) and SiO2/
MxOy mixed oxide (Zaitseva et al., 2002; Ribeiro et al.,
2003), which has been very useful to strongly adsorb MB
aiming at sensor preparation.
Recently, our research group has reported the outstanding
features of ternary mixed oxide (SiO2/Al2O3/Nb2O5) to
strongly adsorb DNA in the MWCNT/SiO2/Al2O3/Nb2O5/
DNA composite for electrochemical determination of promet-
hazine and amitriptyline as well as to preconcentrate metal
ions (Marco et al., 2013a,b; Costa et al., 2011; Tarley et al.,
2010).
Dopamine (DA), 3,4-dihydroxyphenylethylamine, is an
important phenolic compound which occurs naturally as
neurotransmitter in the mammalian central nervous system.
The deﬁciency of DA can cause some serious diseases such
as Parkinson, epilepsy and senile dementia in humans (Ge
et al., 2009; Smith and Devlin, 1992). Nowadays, cate-
cholamine-based pharmaceuticals are widely used in medicine.
So it is extremely important to determine DA quickly, pre-
cisely and accurately for quality control.
DA can be determined by electrochemical techniques, but
some difﬁculties still remains, since its oxidation needs a high
over potential at bare electrodes and the products are often
adsorbed on the electrode surface, resulting in electrode. et al., Development and application of
Arabian Journal of Chemistry (2015), hfouling and unstable analytical signal. Different electroanalyti-
cal approaches have been dedicated to the development of new
modiﬁed electrodes for DA monitoring. In general the materi-
als commonly used are based on functionalized polymers or
electrochemically modiﬁed polymers such as: poly(acrylic acid)
multi-walled carbon nanotubes (MWCNTs) (Liu et al., 2007),
deoxyribonucleic acid (DNA)/poly(p-aminobenzensulfonic
acid) bilayer (Lin et al., 2007), RNA ﬁlm (Kang and Lin,
2006), functionalized single-walled carbon nanotube
(SWCNT) (Zhang et al., 2007), poly(eriochrome black T)
(Yao et al., 2007), functionalized thiadiazole (Kalimuthu and
John, 2009), poly 3-(5-chloro-2-hydroxyphenylazo)-4,5-
dihydroxynaphthalene-2,7-disulfonic acid (CDDA) ﬁlm
(Ensaﬁ and Khayamian, 2009), poly(acid chrome blue K)
(Zhang et al., 2009), mesoporous carbon/Naﬁon (Zheng
et al., 2009), and poly(vinyl alcohol) (Li and Lin, 2006).
Such approach for sensor preparation shows slight drawbacks
including time-consuming to be prepared and, in some cases,
low reproducibility, thus resulting in a loss of stability. Other
reports concerning the DA determination by ECL (electro-
chemiluminescence) can be cited (Zhang et al., 2013). ECL is
a sensitive technique that has been widely used for sensor
preparation; however, it requires complex modiﬁcation proce-
dures on the electrode and, thus, an accuracy optimization of
several variables is crucial for its success since electrochemical
and chemiluminescence measurements are integrated, which
requires high skills for the analyst. In this sense, graphite paste
electrodes prepared from composites based on mixed oxide
and chemical modiﬁer methylene blue (MB) are considered
as a suitable alternative in comparison with the ﬁlm prepara-
tion aiming the development of a reliable and feasible method
for routine analysis of DA in pharmaceutical samples.
Therefore, the main objective of this paper was to prepare a
new graphite-SiO2/Al2O3/Nb2O5-methylene blue (GRP-
SiAlNb-MB) composite and employ it as an electrochemical
sensor for DA determination in pharmaceutical formulation.
The quickly and ease to prepare, the high stability of the
MB adsorbed onto SiAlNb as well as the satisfactory
sensitivity are the highlights of proposed sensor for DA
determination.
2. Experimental
2.1. Chemical and reagents
Dopamine (DA) was obtained from Sigma Aldrich (St. Louis,
MO, USA). Dopamine injectable samples (Dopamine
Hydrochloride 5 mg mL1, Teuto), which contain sodium
chloride and sodium metabisulﬁte in aqueous medium, were
obtained from a local hospital. A pure graphite powder
(GRP), anhydrous monobasic sodium phosphate, dibasic
sodium phosphate and methylene blue (MB) were purchased
from Synth (Diadema, SP, Brazil). Tris[hydroxymethyl]
aminomethane (Trizma), 4-[2-hydroxyethyl] piperazine-1-graphite- SiO2/Al2O3/Nb2O5-methylene blue (GRP-SiAlNb-MB) composite for
ttp://dx.doi.org/10.1016/j.arabjc.2015.03.006
SiAlNbOH + MB+Cl- → SiAlNbOMB + HCl
Scheme 1
Development and application of graphite-SiO2/Al2O3/Nb2O5-methylene blue composite 3ethanesulfonic acid (HEPES), piperazine-1,4-bis[2-ethanesul-
fonic acid] (PIPES), sodium hydroxide, nitric acid, acetic acid
and mineral oil were acquired from Sigma–Aldrich (St.
Louis, MO, USA). The material SiO2/Al2O3/Nb2O5 (desig-
nated as SiAlNb), obtained by sol–gel process, was prepared
according to previously described procedure (Costa et al.,
2011; Tarley et al., 2010). All other reagents were of analytical
grade, and their solutions were prepared with distilled and
deionized water (resistivity: >18 MX cm1, 25 C; Millipore
Milli-Q puriﬁcation system, Bedford, MA, USA).
2.2. Instrumentation and optimization of the sensor
The electrochemical measurements were performed using an
Autolab potentiostat/galvanostat (PGSTAT 12) interfaced
with a personal computer for data acquisition and potential
control. All the experimental conditions were controlled with
General Purpose Electrochemical System (GPES) software.
A conventional three electrode cell was used at 25 ± 1 C.
An Ag/AgCl/KCl (3.0 mol L1) electrode, a platinum wire,
and the GRP-SiAlNb-MB were used as the reference, auxiliary
and working electrodes, respectively. Scanning electron micro-
scopy (SEM) analyses of materials were performed in a Model
JSM 6360-LV JEOL scanning electron microscope. Prior to
the analyses, the samples were coated with a thin layer of
gold/palladium alloy, using a Bal-Tec MED 020 equipment,
in order to minimize charging under the incident electron
beam. A Shimadzu FTIR-8300 spectrometer operating in
transmission mode in the range of 4000–400 cm1 at 4 cm1
resolution and using the conventional KBr pellet technique
was employed in order to elucidate the functional groups pre-
sent in the materials. HPLC experiments were performed on a
Shimadzu (Kyoto, Japan) HPLC system consisting of two LC
10AD solvents pumps, an SCL 10 Avp system controller, a
CTO 10 AS column oven and a 7125 model Rheodyne injector
(Cotati, USA) with a 20 lL loop. Separations were obtained at
40 C on a Shimadzu CLC-ODS (250 · 4.6 mm id, 5 lm parti-
cle size, Shimadzu, Kyoto, Japan). The analytical column was
protected with a RP-18 end capped guard column (Merck,
Darmstadt, Germany). Brief, the mobile phase for the analysis
consisted of 0.2 mol L1 phosphate buffer pH 3: methanol (3:
7, v/v) at a ﬂow rate of 1.0 mL min1 (Chen et al., 2003).
2.3. Preparation of the sensor
Twenty ﬁve milliliters of 0.1 mmol L1 methylene blue (MB)
solution, equivalent to 0.799 mg, was added to 200 mg of
SiAlNb. This mixture was maintained at rest for 15 min.
After this step, the mixture was mechanically stirred for 2 h
to allow the electroactive specie to adsorb onto the silica
matrix. Shortly thereafter, the modiﬁed material (SiAlNb-
MB) was ﬁltered and then dried at room temperature. After
this step, the material was mixed (19.5 mg) with the graphite
powder (designed as GRP: 10.5 mg) dispersed in 7 lL of
mineral oil until a complete homogeneous carbon paste was
obtained. The paste was introduced into the bottom cavity
of a glass tube in order to construct an electrode (designed
as GRP-SiAlNb-MB) for DA determination. It worth empha-
size that the cationic form of the dye, MB+Cl, Scheme 1, was
adsorbed on the SiAlNb material surface by an ion exchange
reaction:Please cite this article in press as: Giarola, J.F. et al., Development and application of
electrochemical determination of dopamine. Arabian Journal of Chemistry (2015), hwhere NbOH stands for niobium hydroxide (V) dispersed
on SiAlNb surface.
The methylene blue dye immobilized is strongly adhered on
the surface and in the pores of the SiAlNb material, thus
allowing obtain an electrode (GRP-SiAlNb-MB) with high
stability to several redox cycles (Zaitseva et al., 2002; Ribeiro
et al., 2003).
2.4. Preparation of reference solutions
Stock standard solutions of DA were prepared by dissolution
of the analyte in water to obtain a ﬁnal concentration of
0.01 mol L1. This standard solution was diluted to give the
following concentrations of active pharmaceutical ingredient:
5, 10, 20, 50, 100, 150, 200, 250, 300, 350, 400, 450 and
500 lmol L1. All of these solutions were stored at 20 C
in the absence of light. Working standard solutions were
prepared daily by diluting the stock solutions to an appropri-
ate concentration with 0.15 mol L1 phosphate buffer pH 7.5.
2.5. Preparation of pharmaceutical formulation
DA injectable formulation was prepared by dissolution of
10 lL of drug in 10 mL of 0.15 mol L1 phosphate buffer
pH 7.5. This ﬁnal solution (32.64 lmol L1) was analyzed by
the electrochemical system.2.6. Method optimization
Cyclic voltammograms were obtained with the potential
ranging from 0.3 V to 0.3 V by varying the solution concen-
tration of MB adsorbed on silica matrix. For this task, the
amount of SiAlNb-MB in the graphite-SiAlNb-methylene blue
composite was set at 60% (m/m). Then, after the ﬁnal
optimization of %MB in the inorganic material, the amount
of SiAlNb-MB in the composite was studied with 50%,
60%, 65% and 70% (m/m).
The dependence of sensor response in the presence of DA
was evaluated by amperometry. Different buffer solutions
(pH 7.0) at 0.1 mol L1 concentration were studied: phos-
phate, HEPES, Tris and Pipes. Next, the variation of pH
between 5.0 and 8.0 using a phosphate buffer solution at
0.1 mol L1 concentration was studied. Finally, the inﬂuence
of different concentrations of buffer solution (0.10, 0.15, 0.20
and 0.25 mol L1) was evaluated.
3. Results and discussions
3.1. FT-IR spectra and scanning electron microscopy (SEM)
images of materials
The FT-IR spectra of materials are depicted in Fig. 1. A band
at 3444 cm1 observed for pure graphite powder, SiAlNb,
SiAlNb-MB and GRP-SiAlNb-MB is attributed to the stretch
of O–H groups. At 1686 cm1 the signal is referred to the O–Hgraphite- SiO2/Al2O3/Nb2O5-methylene blue (GRP-SiAlNb-MB) composite for
ttp://dx.doi.org/10.1016/j.arabjc.2015.03.006
































Figure 1 FT-IR spectra of pure graphite powder, SiAlNb,
SiAlNb-MB and GRP-SiAlNb-MB materials.
4 J.F. Giarola et al.and H2O deformation vibration of water molecules adsorbed
onto materials. Higher intense peaks in the region of 1067–
1158 cm1, were observed, as expected for the material
SiAlNb, which corresponds to the Si–O stretches in the
SiAlNB matrix (Tarley et al., 2010). The band at 964 cm1 is
attributed to either the Si–OH and Si–Nb stretches, while the
signals at 790, 577 and 434 cm1 are assigned, respectively to
stretching modes of Si–O–Si, Nb–O–Nb and deformation of(a)
(c)
Figure 2 Sem images of (a) pure graphite powder, (b) SiAlNb, (c) SiA
Please cite this article in press as: Giarola, J.F. et al., Development and application of
electrochemical determination of dopamine. Arabian Journal of Chemistry (2015), hSi–O–Si (Marco et al., 2013a,b). It is worth emphasizing the
great difference of peak intensity at 2919, 2858 and
1459 cm1 observed for the GRP-SiAlNb-MB material when
compared to the other materials.
Fig. 2 shows the scanning electron micrographs of pure
graphite powder, SiAlNb, SiAlNb-MB and GRP-SiAlNb-
MB materials. The micrographs of SiAlNb and SiAlNb-MB
are very similar, which indicates that the morphology of mixed
oxide is not affected by the presence of MB. The pure graphite
powder presents typical morphological features of
carbonaceous materials with particles sizes very irregular.
GRP-SiAlNb-MB material, in contrast, presented morpho-
logical features very different from those ones achieved for
pure graphite powder, while SiAlNb and SiAlNb-MB pre-
sented particles that are highly aggregated and able to form
a robust and dense network structure.
3.2. Optimization of GRP-SiAlNb-MB sensor in the absence of
DA
The dye MB can form molecular associations, normally as
dimers and sometimes as higher order aggregates, even in the
solution phase or immobilized (Ribeiro et al., 2003).
Therefore the inﬂuence of MB on the GRP-SiAlNb-MB
composite was evaluated under different concentrations.
Fig. 3 shows cyclic voltammograms for the GRP-SiAlNb-
MB sensor at pH 7.0 in the presence of 0.1 mol L1 KCl. It
can be seen that peak current and peak separation depend
upon MB concentration. The best electrochemical(b)
(d)
lNb-MB and (d) GRP-SiAlNb-MB with magniﬁcation 1200 times.
graphite- SiO2/Al2O3/Nb2O5-methylene blue (GRP-SiAlNb-MB) composite for
ttp://dx.doi.org/10.1016/j.arabjc.2015.03.006
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Figure 3 Cyclic voltammograms obtained in 0.1 mol L1 KCl at
pH 7.0 for the GRP-SiAlNb-MB prepared with different concen-
trations of methylene blue at m = 20 mV s1.
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Figure 4 (a) Variation in Iap/lA depending on the percentage of
SiAlNb-MB (m/m) in carbon paste. (b) Variation in Ep/V as a
function of the percentage of SiAlNb-MB (m/m) in carbon paste.
Conditions: KCl0.1 mol L1, pH 7.0 at m= 20 mV s1.
Table 1 Inﬂuence of the applied potential (Eap) on the
amperometric response of the sensor proposed in the presence
of dopamine in phosphate buffer 0.1 mol L1 pH 7.5.
Eap. (mV) 0.0 50 100 150 200 250 300 350
DI (lA) 0.06 0.33 0.08 0.11 1.69 5.07 5.27 5.41
Development and application of graphite-SiO2/Al2O3/Nb2O5-methylene blue composite 5performance was achieved by using MB concentration at
104 mol L1. At lower concentration of MB (105 mol L1),
a decrease of current was observed, which is due to a lower
concentration of MB immobilized on the surface of the
SiAlNb material. However, the use of higher concentration
(103 mol L1) leads to the formation of a higher ratio of
dimer MB on the surface of the SiAlNb material which reduces
the analytical current. Thus, the best current was achieved by
MB concentration in solution of 104 mol L1, being this
value adopted for further studies.
The inﬂuence of SiAlNb-MB amount (m/m) in the carbon
paste (graphite, GRP) is illustrated in Fig. 4b. As observed
in Fig. 4a a high anodic peak current, Iap, was achieved by
increasing MB concentration. However, SiAlNb-MB amount
higher than 65% (m/m) provides a decrease on the anodic peak
current due to the increased resistivity of the carbon paste, as
well as a poor consistency of paste and weak adhesion force
into the cavity of electrode. Fig. 4b shows the inﬂuence of
SiAlNb-MB amount as a function of peak separation (DEp).
It was observed that there are slight differences on the response
using 70% and 65% (m/m) of SiAlNb-MB. Therefore, taking
into account that the highest value of anodic peak current has
been achieved using 65% (m/m) of SiAlNb-MB, this amount
was chosen for further experiments. It is worth emphasizing
that other electrodes, prepared with higher percentages did
not show good consistency and also showed ratio between
anodic peak current and cathodic peak current (Ipa/Ipc) below
than that found for the sensor prepared with 65% (m/m) of
SiAlNb-MB.
After optimizing the concentration of MB immobilized on
the modiﬁed silica, the inﬂuence of the scan rate on the peak
current of MB was investigated to assess whether the electron
transfer process is diffusion or adsorption controlled. It was
observed a good linear relationship between the anodic peak
current and the square root of the scan rate, m1/2
(r= 0.99987), thus indicating that the oxidation process is dif-
fusion controlled, i.e., the mass transport is the limiting factor
of the process (Andrieux and Save´ant, 1978).Please cite this article in press as: Giarola, J.F. et al., Development and application of
electrochemical determination of dopamine. Arabian Journal of Chemistry (2015), h3.3. Optimization of GRP-SiAlNb-MB sensor in the presence of
DA
3.3.1. Amperometric optimization
For amperometric measurements, the potential applied to the
system is of paramount importance because its magnitude is
directly related to the sensitivity of the analytical system.
The dependence of applied potential (Eap) on the sensor
response was investigated at 0.1 mmol L1 DA in
0.1 mol L1 phosphate buffer pH 7.0. According to the data
shown in Table 1, a better analytical signal was achieved at
250 mV vs. Ag/AgCl. Nevertheless, in order to improve the
selectivity of sensor, a lower potential (250 mV) was set forgraphite- SiO2/Al2O3/Nb2O5-methylene blue (GRP-SiAlNb-MB) composite for
ttp://dx.doi.org/10.1016/j.arabjc.2015.03.006
Table 2 Inﬂuence of different buffer solutions 0.1 mol L1 pH
7.5 on the current variation (DI) solution of 0.1 mmol L1
dopamine.





Table 3 Inﬂuence of the concentration of phosphate buffer
pH 7.5 on the current variation (DI) solution 0.1 mmol L1
dopamine.






6 J.F. Giarola et al.further experiments. Additionally, at higher potential values,
the DA oxidation can takes place at the graphite surface,
which is between 500 and 700 mV (Njagi et al., 2010).
3.4. Optimization of experimental and operational parameters
for GRP-SiAlNb-MB sensor
3.4.1. Inﬂuence of buffer solution type
The inﬂuence of different buffers solutions on the sensor
response was investigated by using phosphate, HEPES, Tris
and Pipes for a 0.1 mol L1 concentration at pH 7.0. As
observed from Table 2, the greatest variation anodic current
(DI) was obtained in phosphate buffer. This result may be
related to the increased mobility of phosphate ions caused by
the smaller size of these ions, enabling ease of charge transfer
between GRP-SiAlNb-MB and DA solution, resulting in a
higher DI.
3.4.2. Inﬂuence of pH on the sensor performance
The effect of pH on the sensor response was performed in
0.1 mol L1 phosphate buffer by varying the pH values from
5.0 to 8.0. The results show that the change in current (DI)
was higher with the increasing of pH of buffer solution until
7.5 (Fig. 5), being this value chosen for further experiments.
The higher electrode reaction for DA in more alkaline medium
allowed us to conclude that analyte oxidation involves the loss












Figure 5 Inﬂuence of the pH on the response of the sensor in DA
1 mmol L1. Conditions: m= 20 mV s1 and 0.1 mol L1phos-
phate buffer.
Please cite this article in press as: Giarola, J.F. et al., Development and application of
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Phosphate solutions (pH 7.5) at different concentrations (0.10,
0.15, 0.20 and 0.25 mol L1) were analyzed in order to study
the ionic strength effect of the electrolyte on the proposed
sensor. The best values were found to be when electrolyte con-
centration varying from 0.15 to 0.25 mol L1 were employed,
thus indicating that the ions migrated at a constant velocity
in this concentration range (Table 3). Thus, in order to reduce
the buffer consumption the concentration of 0.15 mol L1 was
used for further studies.3.5. Final analytical conditions
After ﬁnal optimization of the proposed method i.e., concen-
tration of 104 mol L1 MB, 65% (m/m) of SiAlNb-MB in
the composite, Eap = 250 mV, pH 7.5 in 0.15 mol L
1 phos-
phate buffer. Differential pulse voltammetry and square wave
voltammetry also were evaluated as electrochemical techniques
for DA determination under the best operational parameters
(data not shown). Nevertheless, we found that the proposed
sensor exhibited the best analytical response when measure-
ments were performed by amperometry.
Fig. 6a shows the Amperogram obtained by successive
additions of DA in the electrochemical cell solution containing
0.15 mol L1 phosphate buffer pH 7.5. As seen in Fig. 6b, the
additions of the analyte are sufﬁcient to generate DI linearly
proportional to concentration of DA. The calibration curve
obtained for determination of DA showed sensitivity equal
to 0.008 A L mol1. In order to check the beneﬁts of MB
and SiAlNb in amperometric measurements, experiments
under optimized conditions, using different electrodes conﬁg-
uration including, GRP, GRP-SiAlNb and GRP-SiAlNb-MB
were carried out (Table 4). As observed, the sensitivity of
GRP-SiAlNb-MB was higher than other electrodes, thus
indicating that MB plays an electrocatalytic role on the
eletrooxidation of DA as has been previously reported
(Argu¨ello et al., 2008). This supposition can also be conﬁrmed
from the low obtained active area of GRP-SiAlNb-MB. The
active area of electrodes were 0.081 for Graphite, 0.067 for
GRP-SiAlNb and 0.053 cm2 GRP-SiAlNb-MB, respectively,
in which were determined from the slope of plot Ip vs. m1/2,
according to Randles–Sevcik equation (Eq. (1)), using
1.0 mmol L1 K4Fe(CN)6 as probe in 1.0 mol L
1 KCl as
supporting electrolyte.
Ip ¼ 2:69 105n3=2AD1=2m1=2C ð1Þ
where n= 1 and D is the diffusion coefﬁcient of K4Fe(CN)6 of
7.6 · 106 cm2 s1graphite- SiO2/Al2O3/Nb2O5-methylene blue (GRP-SiAlNb-MB) composite for
ttp://dx.doi.org/10.1016/j.arabjc.2015.03.006
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Figure 6 (a) Amperogram for the determination of DA concen-
trations obtained for 5–500 mol L1. (b) Analytical curve con-
structed from Amperogram (a). Measurements obtained using
65% (w/w) SiAlNb-MB by GRP. Conditions: 0.15 mol L1phos
phate buffer, pH 7.5 and Eap = 250mV vs. Ag/AgCl.
Table 4 Comparative study of sensitivity of graphite (GRP),
GRP-SiAlNb and GRP-SiAlNb-MB under optimized condi-
tions and dopamine concentration varying from 25 to
125 lmol L1.




Development and application of graphite-SiO2/Al2O3/Nb2O5-methylene blue composite 7The limits of detection and quantiﬁcation of the proposed
method were calculated using the method based on the analyti-
cal curve parameters (ICH, 1995). In this method, the limit of
detection (LOD) can be expressed as in Eq. (2) and the limit of
quantitation (LOQ) expressed in Eq. (3):
LOD ¼ 3 s=a ð2Þ
LOQ ¼ 10 s=a ð3ÞTable 5 Comparative data on different electroanalytical methods f
Diﬀerent kind of electrodes
Polyphenol oxidase biosensor modiﬁed with crude extract of root Cara
Electrode modiﬁed with peroxidase crude extract of zucchini (Cucurbita
Glassy carbon electrode with cobalt hexacyanoferrate ﬁlm (CoHCFe) mo
Electrode with carbon paste and Th(IV)-hexacyanoferrate (Th-HCF)
Graphite-SiO2/Al2O3/Nb2O5-methylene blue (GRP-SiAlNb-MB) compos
LOD= limit of detection.
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(0.0402 lA) and a is the slope of the curve.
The present method provided a linear range from 5.0
to 500.0 lmol L1, described by equation: DI= 0.008
(±7.69E5) (Dopamine, lmol L1) + 0.409 (±0.021) with
good linear correlation coefﬁcient (r= 0.995). The limits of
detection and quantiﬁcation were found to be 1.49 and
4.97 lmol L1, respectively. The limit of detection and linear
range were compared with previous electroanalytical methods
for dopamine determination (Table 5). As observed, the
proposed sensor showed better limits of detection and quan-
tiﬁcation when compared to other proposed sensors for DA
determination. Moreover, the developed sensor showed good
sensitivity, wide linear response range, and quick response to
the detection of DA.
This modiﬁed electrode presented an excellent repeatability,
with a relative standard deviation (SD) of 2.3% for a series of
six successive measurements of a 100 lM dopamine solution.
Furthermore, the sensor also showed good stability when
subjected to 20 cycles by cyclic voltammetry (data not shown),
showing no signiﬁcant differences between the peak currents of
the voltammograms. The sensor preparation also can be
considered very fast and simple to be performed. The inﬂuence
of AA, UA and glucose on DA detection was also evaluated.
As observed from Table 6, no interference from these
compounds was observed on DA detection.
Reproducibility between different electrodes (n= 3) was
also estimated and the response of sensor at the same
dopamine concentration (100 lM) was 2.62 ± 0.02 lA cm2.
3.6. Application of the method
Under optimal conditions the proposed sensor was applied
to the DA determination in pharmaceutical sample
(Dopamine hydrochloride, 5 mg mL1, Teuto, equivalent to
32.64 mmol L1). Table 7 shows the comparison between the
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diﬁed 120–500 8.9 Castro et al. (2008)
8–2000 5.6 Farhadi et al. (2008)
ite 5–500 1.49 This work
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Table 6 Study of the selectivity of the proposed sensor with possible interfering in biological samples (uric and ascorbic acid).
Interfering [DA] expected (lmol L1) [DA] found (lmol L1) Relative response (%)
Uric acid 150 153.4 (±0.1) 102.3 (±0.7)
Ascorbic acid 150 151.5 (±0.3) 101 (±1.1)
Uric acid + ascorbic acid 150 154.6 (±0.4) 103.1 (±0.9)
Table 7 Determination of dopamine in injectable pharmaceutical product using the chromatographic method and the proposed
method (n= 3).
Sample Reference method (mmol L1) Proposed method (mmol L1) Relative error (%)
1 29.39(±0.17) 29.82(±0.21) 1.46
8 J.F. Giarola et al.sensor and High Performance Liquid Chromatography
(HPLC), employed as reference method. The values found,
with a 95% conﬁdence level, are compared with those obtained
from standard HPLC technique.4. Conclusions
This study demonstrated that the sensor based on MB
immobilized on inorganic material modiﬁed with Al2O3 and
Nb2O5 is a viable alternative for the determination of DA
by amperometry. From characterization data it was observed
that MB is better adsorbed in the GRP-SiAlNb matrix than
SiAlNb. Additionally, the GRP-SiAlNb-MB material
presented particles highly aggregated able to form a robust
and dense network structure an interesting feature for sensor
preparation. Under optimum experimental conditions, the
method presented good LOD and LOQ, good sensitivity
and wide linear response range. Therefore, considering the
parameters presented, the sensor presented a methodology
of low-cost, easy to perform, quick, sensitive and linear for
determination of DA. It was successfully applied for the
determination of DA in real samples of pharmaceutical
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